. This means that it is then better to use untested males, i.e. taken at random, than males which are in the lower 73%. This situation holds until the ratio (k) of tested to potential candidates reaches k l = 1.85/c(4aA + 1), where c is the degree of polygyny (mating ratio), a the age at first offspring (yr) and À, the annual fecundity (s.e. half the dam progeny crop). As k increases above k l (case 2), all replacement males should be tested and testing space should be entirely devoted to males, with random choice of females. This situation holds until k reaches a critical value, k 2 , above which testing space should be equally distributed between the 2 sexes (case 3). The value of k 2 , obtained iteratively for any given set of parameters c, a and À, as defined above, is shown to increase when c increases and when aA decreases. The strategies recommended, which imply contrasting turn-over Smith (1969) .
The general method Dickerson and Hazel (1944) gave a general formula for the expected annual response to selection, R d = (i 1 + i 2 )/(t l + t 2 ), as a function of female and male selection intensities (i l and i 2 ,' respectively) and generation intervals (t l , t 2 ), R a being expressed in genetic standard deviations for a trait assumed to have a heritability equal to 1. With selection of respective proportions f and m of the females and males required for breeding, and corresponding proportions 1 &mdash; f and 1 &mdash; m taken at random, the expected annual response becomes:
where t ll and t 12 are the generation intervals for the females selected and the females taken at random, respectively, and t 21 and t 22 are similarly defined for males.
&dquo;
If selection is by truncation of a normal distribution, i l = z l n l , where n i is the number of female candidates tested per female selected and z l the ordinate of the normal curve for a proportion 1/n, selected, and i 2 is similarly defined. Moreover, generation intervals may be expressed as functions of demographic parameters pertaining to any given species, and of the distribution of testing space between males and females. Using the simple demographic model assumed by Ollivier The possible range of a extends from 0 to 1 as long as k < 0.5. Then, as k exceeds 0.5, the range is progressively narrowed, until a = 0.5 when k = 1. For any given testing capacity, the maximum of eqn(10) can be compared to the maximum of eqn(8) considered in case 2, and (by iteration) the k 2 value yielding equal responses in the 2 cases is obtained. Thus, when testing capacity is below k 2 , all testing space should be devoted to males, and when k > k 2; it should be equally distributed between the 2 sexes.
The strategies to be applied in each of the 3 cases considered are summarised in Table I .
Numerical illustration
As an illustration of the above results, Table II gives k i and k 2 values for 9 sets of demographic parameters implying 3 values of aA (0.5, 1 and 5) valid for sheep, cattle and pigs, respectively, and 3 degrees of polygyny, either corresponding to natural mating (c = 10) or artificial insemination (c = 100 or 1000). The Table   also gives the expected response for k = k 1 and k = k 2 , expressed relative to the maximum response expected with k = 1.
The Table clearly shows that, for a given degree of polygyny, k l and k 2 both decrease when fecundity increases. For species of high fecundity, such as poultry and rabbits, k l becomes negligible and the low value of k 2 is likely to fall below the actual testing capacity, owing to the low cost of testing. Therefore; case 3 will usually apply to those species. On the other hand, k l decreases when polygyny increases, as it is inversely proportional to c, (from eqn(6)) !where.-t §;,k2 increases with c up to a point where, particulary when fecundity is low, a large proportion of the maximum response can be expected from testing males only. It is also worth noting that when fecundity is low (below a limit which is somewhere between 1 and 5 for aa), the critical testing capacity, k 2 ;yis above 0.5. As this corresponds to situations when all males are tested, it means that the expected response remains constant, and above the maximum of eqn(10), for 0.5 <_ k < k 2 . The evolution of the maximum annual response, as a function of testing capacity, therefore follows one of the patterns illustrated in Fig 1, according to whether k 2 < 0.5 or k l > 0.5.
In the latter case, rather paradoxically, the extra space available when all males are tested should not be used for testing. The worst solution would actually be to use it for testing females, as shown by point C in Fig la. This is because the extra selection intensity obtained by testing females is more than offset by the increase in their generation interval.
DISCUSSION
A parallel can be draw between the above results and those of Smith (1969) . He considered maximizing selection intensity, or response per generation, for a given number of testing places (T) available, assuming a fixed generation interval. Here the objective is to maximize annual response, with variable generation length, and the testing capacity (k),which is defined on a yearly basis. If generation interval is set at a value t, and T is defined as the number tested per breeding female over a period of time equal to the average breeding life of sires and dams, 2(t &mdash; a), the relationship between T and k is:
In case 1, the selection strategy recommended here, may be compared to the rule given by Smith (1969) , which states that &dquo;if testing facilities are very limited, it is better to use untested males, than males which are below average&dquo;. Thu!! 1/2 is the maximum proportion to select in order to maximize the response per generation, as against 1/3.7 ,'two, ) if the response per year is considered.
The two approaches can, for instance, be compared in terms of expected annual response for a testing capacity equal to k l . Using Smith's approach, the critical number of testing places below which untested males should be used,is T = 2/c, i e, 2 male candidates tested per sire to be replaced. This implies a generation interval t = 2.1a + 1/3.7A, a value obtained from solving eqn(11) for T = 2/c and k = k l , and which can also be derived from eqn(2c) with m = 1, n 2 = 2 and 1 2 = 2k, A. The supplementary gain expected from applying The model used in this study,) rests on several simplifying assumptions, of which a detailed discussion has een given by Ollivier (1974 Robertson (1960; 1970) , Smith (1969; 1981mand James (1972 , among others, under the assumption of a fixed generation time.
In a situation of restricted yearly testing facilities, it would then be advisable to maximize the generation length in order to also maximize the number of candidates per generation.
The assumption of a uniform age distribution is not generally met in practice and can only be accepted as an approximation in situations of fast replacement, or when the increase in fecundity with age can compensate for the gradual decay in the number of breeding individuals. With low testing capacity, however, the procedure recommended herp r , --implies contrasting turnover rates between males (selected) and females (takei r at rand Q m). When k < k 2 , the female generation interval should be minimized, whereas, the male generation interval will gradually increase as k decreases. When k = k l ;'£his interval exceeds 3 times the age at birth of the first offspring, as shown in Table I (Henderson, 1963 
